Background. To examine the relation of plasma lipoproteins to the proliferative response after arterial injury in humans, we examined the plasma lipid, lipoprotein, and apoprotein levels of 20 patients with early recurrent stenosis caused by intimal hyperplasia after carotid endarterectomy. These were compared with 20 controls who had no evidence of recurrent stenosis by duplex ultrasound scanning.
T he normal course of carotid healing after endarterectomy consists of a self-limited proliferation of smooth muscle cells, usually reaching maximum thickness within 1 year. threatened arterial occlusion or the recurrence of symptoms requiring reoperation. [3] [4] [5] In their examination of restenosis after carotid endarterectomy, Stoney and String4 noted that when reoperation was needed within 2 years of initial surgery, the offending lesions were characterized by intimal hyperplasia. When more than 2 years had elapsed, the lesions contained features consistent with atherosclerosis. Although it is now believed that this process is a continuum with purely proliferative lesions gradually taking on the appearance of atherosclerosis,6 the terms early and late restenosis remain in use, indicating both the time elapsed from initial surgery and lesion structure.
Hyperlipidemia is known to stimulate the formation of intimal hyperplasia in rabbits. 7 Comparing total See p 1613 plasma cholesterol levels of 66 patients requiring reoperation for restenosis with 100 patients undergoing From July 1983 to December 1986, 335 patients had primary carotid endarterectomy at UCSF. Many of these patients were referred from other institutions and returned there for postoperative follow-up. Of those followed at UCSF, 49 had sequential duplex ultrasound scanning for at least 2 years postoperatively. These studies were done with an ultrasonic duplex scanner combining high-resolution B-mode imaging with pulsed Doppler capability (Hoffrel system 518, South Norwalk, Conn.). Patients were studied at 1, 3, 6, and 12 months postoperatively and every 6-12 months thereafter. All scans were read by the same physician. Scans of 35 patients revealed less than 20% luminal narrowing at the endarterectomy site. From these 35 patients, 20 control patients were selected to match the study group in terms of age and sex (average age, 69.3 years; nine men and 11 women).
Characteristics of the groups are summarized in Table 1 . Prevalence of diabetes mellitus, smoking history, previous vascular operations, and aspirin and dipyridamole intake were comparable between the study and control groups.
Lipoprotein Profiles
Patients were fasted for 12 hours, and 100 ml of blood was obtained by venipuncture and placed into 50-ml tubes with 2 2 . As expected, the restenosis patients had significantly higher levels of total plasma cholesterol. Total plasma triglyceride levels were more variable than cholesterol levels but were significantly higher among the restenosis patients. In 11 restenosis patients but only two controls, plasma triglyceride levels exceeded 150 mg/dl. One of the latter group was an outlier with a plasma triglyceride level of 1,560 mg/dl. Restenosis patients had significantly higher levels of both cholesterol and triglycerides in VLDL. The restenosis group also had significantly higher cholesterol but not triglyceride levels in IDL.
LDL cholesterol levels were also higher in restenosis patients, but this difference was not statistically significant (p=0.06). LDL triglyceride levels were similar in the two groups. LDL apoprotein B levels were, however, significantly higher in the restenosis group than in controls, and the ratio of cholesterol to apoprotein B in LDL was lower in restenosis patients, suggesting that LDL particles were smaller in restenosis patients (Table  3) . HDL cholesterol levels were significantly lower in the restenosis patients, but triglyceride levels in this fraction were comparable. Table 4 gives the coefficients of correlation between the lipoprotein variables. As expected, HDL cholesterol level varied inversely with the level of triglycerides in whole plasma and VLDL fraction but was unrelated to the cholesterol levels in the IDL and LDL fractions or to LDL apoprotein B. IDL cholesterol tended to covary with both VLDL triglycerides and LDL apoprotein B, although VLDL triglycerides and LDL apoprotein B were unrelated to one another. The levels of cholesterol and triglycerides in the VLDL fraction were highly correlated. When controlled for VLDL triglyceride level by analysis of covariance, there was no essential difference between the two groups of patients in VLDL cholesterol level (t=0.35; p=0.73). To avoid redundancy, VLDL cholesterol was excluded from the discriminant analysis. LDL apoprotein B and LDL cholesterol were also highly corre- Table 5 .
Part B of Table 5 gives the discriminant coefficients for the four lipoprotein lipids, omitting LDL apoprotein B. The coefficients for IDL and LDL as well as HDL cholesterol were statistically significant One control patient had an indeterminate apoprotein E phenotype. Ten of the restenosis patients had at least one apoprotein E4 allele, whereas this was found in only two controls (Table 6 ). There were two individuals with an E2 allele in each group.
Discussion
In our reoperated patients, intimal hyperplasia in the carotid artery had progressed to a preocclusive lesion within 2 years of the primary surgery. This is a small but important population in whom factors associated with the development of the proliferative response to arterial injury can be studied in humans.
Healing of the arterial wall after injury from balloon catheter or endarterectomy has been extensively examined in animals.17 This response normally consists of migration and proliferation of smooth muscle cells at the site of arterial injury.'8"9 In restenosis patients, this normal process continues unchecked, eventually threatening vessel patency. Restenosis may occur after every major revascularization procedure and has been shown to affect up to 47% of coronary arteries after angioplasty.20 The contributing factors have been most studied after carotid endarterectomy, in which technical factors have been suggested as a major predisposing cause21-23 but systemic factors such as smoking,24 hypertension,25 and the lipoprotein abnormalities seen in this study may play an important, possibly overriding role.
The patients we studied who required reoperation for restenosis had a substantially more atherogenic lipid profile than controls. By univariate analysis, they had higher plasma cholesterol levels and LDL apoprotein B levels. The ratio of LDL cholesterol to LDL apoprotein B was lower, suggesting that in these patients, LDLs were smaller and more dense, a trait associated with an increased incidence of coronary artery disease.26 They also had higher VLDL triglyceride and VLDL cholesterol levels, which is the most common The association of hyperlipidemia and intimal hyperplasia is not unique to carotid endarterectomy in humans. Lie et al33 found a strong relation between intimal proliferation after aortocoronary bypass and an increase in both plasma cholesterol and triglyceride levels. Experimentally, hyperlipidemia has been shown to increase arterial wall thickening after balloon catheter injury in rabbits.7 Because intimal hyperplasia may develop into a lesion that is virtually indistinguishable from atherosclerosis, it would appear that these two disease entities are variants of a single process in which cellular proliferation is an essential feature. The observation that minimally modified LDL can stimulate the production of growth and chemotactic factors from the cellular elements of the arterial wall910 suggests that the effect of these lipid abnormalities may well be directly at the site of injury even without evidence of lipid accumulation in the hyperplastic lesion.
Because of the potentially adverse clinical consequences of intimal hyperplasia, there has been considerable effort to identify an agent that will inhibit proliferative response to injury of the arterial wall. Although more needs to be understood about the interplay between hyperlipidemia and intimal hyperplasia, we suggest that the process may be ameliorated by reduction of the systemic factors promoting its development. As an initial step toward reducing the incidence of recurrent carotid stenosis, it would seem prudent to evaluate the plasma lipoprotein levels of patients undergoing carotid endarterectomy and to initiate treatment when necessary.
